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the  films  for  quality  and  handling  characteristics  is  also  presented. 
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FOREWORD 


This  report  was  prepared  by  Mr.  R.D.  Williams,  Senior  Research 
Engineer  and  Dr.  C.M.  Teller,  Manager  NDE  Research  of  the  Instrumen¬ 
tation  Research  Division,  Southwest  Research  Institute.  The  support 
rendered  by  Messrs.  S.A.  Wenk  and  C.C.  Allen  of  the  Quality  Assurance 
Systems  and  Engineering  Division  at  SwRI  is  gratefully  acknowledged. 
Also,  the  technical  assistance  performed  by  Messrs.  R.L.  Youngblood 
and  D.S.  Jones  of  the  Instrumentation  Research  Division  is  appreciated. 

The  project  was  sponsored  by  San  Antonio  Air  Logistics  Center, 
Kelly  Air  Force  Base,  Texas, as  a  separate  task  under  Contract  No.  DLA- 
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GLOSSARY  OF  TERMS  AND  ABBREVIATIONS 
AS  USED  IN  THE  TEXT  OF  THIS  REPORT 

Refers  to  density  as  measured  in  H  &  D  units. 

Log  Relative  Exposure 
Kodak  Type  M  Film 
Kodak  Type  R  Film 
Kodak  Type  T  Film 
Dupont  Type  NDE  45  Film 
Dupont  Type  NDE  55  Film 
Dupont  Type  NDE  65  Film 
G.A.F.  Type  100  Film 
G.A.F.  Type  400  Film 
G.A.F.  Type  800  Film 

All  speeds  are  expressed  in  percent  relative  to 
Kodak  Type  M  which  is  arbitrarily  assigned  100% 
at  all  Kilovoltages. 

Slope  of  the  characteristic  curve  for  a  specified 
Density  interval 

i.e..  Contrast  =  Density  Interval _ 

LRE  Difference 

Kilovoltage 
Milliampere  -  minutes 
Time 
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I.  INTRODUCTION  AND  SUMMARY 

This  report  provides  information  which  will  assist  radiographers 
in  the  selection  of  film  for  specific  applications.  Most  importantly, 
it  should  serve  as  an  aid  in  determining  suitable  exposure  parameters 
for  films  when  substitution  must  be  made  due  to  shortages  in  supply  or 
local  availability. 

Historically,  when  faced  with  the  necessity  of  substitution,  a  radio¬ 
grapher  would  examine  manufacturer's  literature  (if  available)  and  then 
perform  trial  exposures  with  a  new  film.  Using  the  first  radiograph  as 
a  basis,  the  radiographer  would  then  modify  the  exposure  parameters  and 
try  again.  Often  this  procedure  would  have  to  be  repeated  several  times, 
depending  on  the  experience  of  the  radiographer  and  difficulty  of  subject, 
before  an  acceptable  radiograph  was  produced.  This  iterative  process  in¬ 
volves  considerable  expenditure  of  time  and  the  now  significant  cost  of 
film.  It  is  this  basic  problem  that  the  X-ray  film  evaluation  and  com¬ 
parison  data  presented  in  this  report  are  designed  to  alleviate. 

A  detailed  test  plan  prepared  by  the  NDI  Program  Manager,  San  Antonio 
Air  Logistics  Center,  Kelly  Air  Force  Base  was  submitted  to  Southwest 
Research  Institute  with  explicit  instructions  on  the  approach  and  pro¬ 
cedures  to  be  followed  in  performing  each  task.  It  was  adhered  to  rigidly 
with  the  exception  of  the  film  speed  comparisons  which  were  accomplished 
by  an  alternate  method  (Appendix  H) .  A  copy  of  this  test  plan  is  in¬ 
cluded  in  APPENDIX  G. 

In  addition  to  the  specified  tests  a  literature  survey  was  carried 
out  using  the  Nondestructive  Testing  Information  Analyses  Center  facilities 
at  SwRI .  Although  a  detailed  key  word  and  subject  index  was  prepared  for 
the  computerized  search,  it  is  significant  that  none  of  the  literature  ob¬ 
tained  during  the  search  contained  information  pertinent  to  the  objectives 
of  this  project.  This  negative  result  indicates  that,  within  the  limits 
of  the  survey,  no  published  results  of  a  parallel  nature  are  available. 

Requests  for  available  literature  were  made  to  each  of  the  three  man- 
ufactureres,  Kodak,  Dupont  GAF,  whose  films  were  involved  in  this  evalua¬ 
tion  and  comparison.  Only  basic  information  on  the  particular  manufacturers 
film  was  provided  by  two  of  the  manufacturers  and  no  information  by  the 
third.  The  GAF  brochure  contains  bar  graphs  showing  relative  speeds  of 
their  three  films  and  curves  of  density  vs.  dose  without  notation  as  to 
kilovoltage.  The  Dupont  literature  was  considerably  more  detailed  and 
does  contain  a  table  of  relative  speeds  for  films  of  four  manufacturers 
and  also  contains  tables  of  recommended  exposure,  in  milliampere-minutes , 
vs.  material  thickness,  using  a  constant  potential  x-ray  source.  Neither 
of  these  manufacturers  presents  characteristic  curves  of  density  vs.  rela¬ 
tive  exposure.  The  third  manufacturer,  Kodak,  did  not  send  literature. 
However,  Kodak  does  publish  a  manual,  available  at  nominal  cost  titled, 
"Radiography  in  Modern  Industry".  This  manual  with  available  supplements, 
presents  detailed  information  including  characteristic  film  curves  for 
film  types  available  from  Kodak.  It  does  not  present  comparisons  of  films 


from  other  manufacturers. 

While  providing  comparisons  between  films  of  a  particular  manufacturer, 
none  of  the  above  presents  a  viable  solution  to  the  problem  of  ootaining 
radiographically  acceptable  results  when  substituting  between  films  of  dif¬ 
ferent  manufacture. 

The  following  sections  present  details  of  the  film  evaluation  and  com¬ 
parison  procedures  and  results,  examples  of  how  to  use  the  data  and  con¬ 
clusions  and  recommendations.  Evaluation  and  comparison  curves  are  pre¬ 
sented  in  Appendices  B  through  F.  Hopefully,  this  information  will  enable 
radiographers  to  substitute  films  from  the  three  manufacturers,  Kodak,  Du¬ 
pont  and  GAF,  with  a  minimum  of  lost  time  and  expense. 


XI.  FILM  EVALUATION/COMPARISON  PROCEDURES  AND  RESULTS 


A.  Laboratory  Procedures 

The  requirements  of  this  project  demanded  rigid  control  of  the  exper¬ 
imental  set-ups  to  insure  consistent  exposure  techniques,  processing  and 
measurement  of  the  test  film  parameters.  A  Magnaflux  150  KVP  x-ray  Unit 
(with  timer)  was  used  for  each  test  exposure.  All  exposures  were  carried 
out  in  an  exposure  chamber  measuring  20  ft.  (6.1  m)  long  X  12  ft.  (3.66  m) 
wide  by  20  ft.  (6.1  m)  high,  enclosed  by  a  10  in.  (254  mm)  thick  high  den¬ 
sity  concrete  wall.  This  chamber  has  a  steel-grating  floor  with  removable 
panels  located  at  the  midpoint  of  the  20  ft.  (6.1  m)  height.  In  order  to 
minimize  back- scattered  radiation,  the  X-ray  head  was  positioned  over  an 
opening  in  this  floor  from  which  the  steel  grating  had  been  removed.  A 
1/4  in.  (6.25  mm)  thick  hardboard  (Masonite)  panel  was  placed  over  this 
opening  to  support  the  exposure  cassettes.  A  panel  with  0.010  in.  (0.25  mm) 
lead  foil  was  suspended  12  in.  (305  mm)  below  this  opening  to  further  mini¬ 
mize  the  effects  of  backscatter.  Figure  1  is  an  illustration  of  the  exper¬ 
imental  setup  and  shows  the  dimensional  configuration  maintained  throughout 
the  experiments. 

An  initial  calibration  of  this  system  was  carried  out  to  determine  the 
dose  rate  incident  at  the  film  plane  through  various  thicknesses  of  alumi¬ 
num.  These  thicknesses  were  1/8  in.  (3.18  mm),  1/4  in.  (6.25  mm),  1/2  in. 
(12.7  mm),  3/4  in.  (19.05  mm),  and  1  in.  (25.40  mm)  and  dose  rates  were 
measured  for  50,  80,  110,  and  140  kilovolts.  A  standard  Victoreen  "R"  meter 
was  utilized  for  system  calibration.  No  collimator  tube  was  used  since  it 
was  desired  to  obtain  true  dose  rates  at  the  film  plane.  True  dose  rates 
include  the  air  scattering  which  occurs  between  the  tube  head  and  specimen 
surface.  Results  of  these  calibrations  are  shown  in  Figure  2  of  this  re¬ 
port. 


Calibration  was  accomplished  with  a  pair  of  step  tablets  fabricated 
from  2024  aluminum  alloy.  These  tablets  consist  of  steps  1/2  in.  (12.70  mm) 
wide  in  thickness  increments  of  1/16  in.  (1.59  mm)  through  1  in.  (25.40  mm) 
thickness.  The  1  in.  (25.40  mm)  dimension  being  at  the  center  and  tapering 
to  1/16  in.  (1.59  mm)  at  either  end.  After  fabrication,  these  step  tab¬ 
lets  were  serialized  and  dimensionally  documented.  Figure  3  is  a  drawing 
of  these  step  tablets . 

To  maintain  consistent  exposure  geometry,  index  marks  were  placed  on 
the  hardboard  exposure  platform  to  facilitate  precise  location  of  film  and 
step  tablets  during  the  experiments.  During  these  experiments  Step  Tablet 
No.  1  was  always  located  to  the  left,  facing  the  tube  head  active  end,  and 
No.  2  Step  Tablet  to  the  right;  their  respective  serial  numbers  faced  to 
the  left  side  of  the  tablets. 

Film  was  ordered  from  distributors  of  Kodak,  Dupont  and  GAF  in  all 
available  packagings.  Purchasing  specifications  were  that  all  films  were  to 
be  fresh,  14  in.  (355.6  mm)  X  17  in.  (431.8  mm)  size,  and  that  no  special  or¬ 
dering  be  done  for  film  packaging  not  normally  stocked  which  could  not  be  ob 
tained  within  a  reasonable  lead  time  consistent  with  program  schedule.  Type 
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FIGURE  1.  X-RAY  EXPOSURE  CONFIGURATION 


of  film  ordered  were  Kodak,  Types  M,  F.,  and  T:  Dupont  Types  45,  55,  and 
65  and  GAF  Types  100,  200  and  400  in  all  available  packagings.  It  was  de¬ 
termined  that  GAF  Type  200  was  no  longer  available  and  Type  800  was  sub¬ 
stituted  to  provide  a  wider  range  from  this  particular  manufacturer. 

All  film  processing,  with  the  exception  of  the  hand  versus  automatic 
processing  comparison  exposures,  was  carried  out  by  hand  processing.  Kodak 
chemicals  were  used  throughout,  with  the  manufacturer's  recommended  replen¬ 
ishment  schedule  rigidly  maintained.  All  processing  was  performed  using 
a  6-minute  development  cycle.  The  developer  was  initially  seasoned  by  pro¬ 
cessing  unexposed  films,  after  which  the  films  for  fog  density  determina¬ 
tion  were  processed.  Daily  cleanup  films  were  run  before  processing  record 
films. 

All  density  measurements  on  the  films  of  this  project  were  made  using 
Macbeth  densitometer,  Model  TD502,  Serial  No.  1118B.  Calibration  of  the 
densitometer  was  accomplished  using  a  calibrated  density  strip  with  trace- 
ability  to  NBS  standards. 

B.  Foe  Density  Determinations 


The  first  films  processed  after  initial  seasoning  of  the  developer  were 
those  used  in  the  fog  density  determinations.  One  each  of  all  types  of 
film  were  processed  using  a  6-minute  processing  cycle.  A  template  was 
used  for  positioning  the  film  in  the  densitometer  to  obtain  twelve  uniformly 
spaced  density  readings  from  each  of  the  films.  These  were  then  averaged  to 
obtain  the  following  base  plus  fog  densities. 


Step  Tablet  Calibration 


The  procedures  detailed  in  the  Test  Plan,  Appendix  G,  were  followed  ex¬ 
actly  in  performing  the  step  tablet  calibrations  for  this  project.  The  cali¬ 
bration  curves  and  the  data  used  for  derivation  are  contained  in  Appendix  A 
of  this  report.  An  all  aluminum  absorber  was  used  in  order  to  realistically 
simulate  actual  field  conditions  for  radiographic  exposure. 


Unfortunately,  when  the  test  for  accuracy  was  applied  to  these  calibra¬ 
tion  curves,  as  defined  in  the  Test  Plan,  a  considerable  deviation  from  lin¬ 
earity  was  observed  at  all  kilovoltages  for  which  the  step  tablets  were 
calibrated.  Examination  of  the  curves  in  Figures  4  and  5  illustrates  that 
the  use  of  an  average  LFE  per  step  will  result  in  distorted  and  inaccurate 
results  when  applied  to  film  speed  comparison  data. 

The  reasons  for  this  are  complex,  and  a  complete  theoretical  analysis  is 
beyond  the  scope  of  this  report.  Basically,  however,  due  to  the  nature  of  the 
radiation  absorption  process,  the  quality  (spectral  content)  of  radiation  in¬ 
cident  on  the  film  is  different  under  each  step  of  the  step  tablet  and  the 
quantum  efficiency  of  the  film,  as  a  detector,  decreases  with  decreasing  energy 
Other  investigators  d'2)  have  overcome  this  problem  by  placing  an  additional 
absorber  of  0.020  in.  thick  copper  between  the  step  tablet  and  the  film.  This 


layer  of  copper  essentially  absorbs  all  of  the  soft  fluorescent  radiation 
and  reduced  energy  scattered  radiation,  generated  within  the  step  tablet. 
Thus  only  the  higher  energies  contained  in  the  primary  beam  contribute  to 
the  exposure.  Using  this  copper  absorber,  an  approximation  to  linear  geo¬ 
metrical  response  for  the  step  tablet  was  achieved  down  to  100  kilovolt 
X-ray  energy  levels.  Due  to  the  lower  energies  specified  for  this  project 
(i.e.,  50  and  30  kilovolts),  it  is  uncertain  that  this  same  approximation 
to  linearity  could  be  achieved  using  a  copper  absorber  since  much  greater 
absorption  occurs  at  these  lower  energies. 

During  discussions  with  the  sponsors  technical  representatives  con¬ 
cerning  this  problem,  it  was  determined  that  the  exposures  made  with  only 
the  aluminum  step  tablet  were  preferable  in  that  they  more  closely  matched 
actual  exposure  conditions  in  the  field.  Subsequently,  an  alternate  method 
for  film  speed  comparisons  was  developed  at  SwRI  which  would  allow  the  al¬ 
ready  completed  step  tablet  calibration  curves  and  speed  comparison  exposures 
to  be  used  in  reduction  of  data  for  this  project.  Essentially,  the  alter¬ 
nate  method  consists  of  comparing  density  differences,  between  two  films 
exposed  simultaneously,  on  a  step  by  step  basis  to  the  calibration  curve 
instead  of  applying  the  average  LRE  for  a  particular  calibration  curve. 

Since  this  method  compares  the  density  difference  between  the  two  films 
under  each  discrete  step,  the  exposure  time  and  radiation  quality  incident 
on  the  two  films  is  identical  and  the  density  difference  observed  can  only 
be  a  result  of  their  difference  in  speed  (sensitivity) .  Using  the  measured 
densitites  of  the  two  films,  the  step  tablet  calibration  curves  may  be  en¬ 
tered  directly  to  obtain  LRE  values  for  each  of  the  films.  The  difference 
between  the  two  LRE  values  can  be  converted  directly  to  speed  difference, 
or  may  be  added  to  or  subtracted  from  the  LRE  value  for  the  film  used  as 
a  standard  to  obtain  a  data  point  for  plotting  a  speed  comparison  curve 
relative  to  the  curve  for  the  standard  film. 

A  more  complete  description  of  this  alternate  method  and  instructions 
for  implementation  are  contained  in  Appendix  H  of  this  report. 

D.  Film  Speed  Comparisons 

As  mentioned  in  Section  II. C  above,  an  alternate  method  for  speed  com¬ 
parison  data  reduction  was  developed  at  SwRI .  Subsequent  to  verbal  approval 
of  this  method,  in  lieu  of  the  Test  Plan  method,  by  the  Sponsor's  technical 
representative,  all  previously  obtained  density  data  from  the  speed  compari¬ 
son  exposures  were  reduced  utilizing  the  alternate  method. 

The  side-by-side  exposure  technique  prescribed  by  the  Test  Plan,  (Appen 
dix  G) ,  was  followed  explicitly  with  the  exception  that  both  step  tablets 
were  used  instead  of  one.  These  step  tablets  had  previously  demonstrated 
radiographic  equivalence  during  the  development  of  the  step  tablet  calibra¬ 
tion  curves.  The  use  of  two  step  tablets  doubles  the  number  of  data  points 
within  each  step  and  increases  the  confidence  level. 


The  results  of  these  speed  comparisons  are  contained  in  four  Appendices 
to  this  report.  Each  Appendix  contains  data  and  curves  pertaining  to  a  par¬ 
ticular  kilovoltage,  i.e. 


Appendix  B.  50  Kilovolt  Film  Speed  Comparisons 

Appendix  C.  80  Kilovolt  Film  Speed  Comparisons 

Appendix  D.  110  Kilovolt  Film  Speed  Comparisons 

Appendix  E.  140  Kilovolt  Film  Speed  Comparisons 

All  graphs  presented,  in  these  film  speed  comparison  appendices,  use 
density  data  which  includes  the  effects  of  fog.  These  curves,  therefore, 
show  apparent  relative  speed  comparisons  as  opposed  to  true  speed  comparisons. 

Arrangement  of  each  film  speed  comparison  appendix  is  as  follows: 

Figure  1  -  A  composite  graph  showing  relative  speeds  of  all  films 
compared  to  Kodak  Type  M. 

Table  1  -  a.  Tabular  listing  of  LRE  values  at  selected  densities 

from  which  the  composite  curves  were  constructed. 

b.  Table  of  speeds  for  all  films  expressed  in  percent 
relative  to  Kodak  Type  M. 

c.  Table  of  contrast  values  for  all  films  at  selected 
density  intervals. 

Figures  2  through  9  -  Curve  pairs  for  each  of  the  film  speed  comparison 
and  exposures.  Each  curve  pair  graph  is  immediately 

Tables  2  through  9  followed  by  a  tabular  data  page  listing  data 

from  which  the  curves  were  contructed. 

Each  Figure  Number  and  Table  Number  also  contains  a  prefix,  i.e., 

Bl,  Cl,  etc.,  which  indicates  the  appendix  in  which  it  is  placed. 

For  construction  of  the  composite  speed  comparison  curves ,  LRE  values 
for  densities  of  0.5,  1.0,  1.2,  1.5,  2.0,  2.2,  2.5,  3.0,  3.2,  and  3.5  were 
determined  from  the  film  speed  comparison  curve  graphs.  In  the  cases  of 
M  vs  R,  T,  55  and  400,  LRE  values  were  plotted  vs  the  elected  densities 
directly,  with  the  four  LRE  values  for  M  averaged.  Since  film  types  R  and  T 
were  used  as  transfer  standards  in  the  comparison  exposures  R  vs  45  and  100, 
and  T  vs  65  and  800,  the  LRE  differences  were  obtained  at  each  of  the  above 
density  levels.  These  LRE  differences  were  then  subtracted  from  the  previously 
determined  LRE  values  for  R  and  T  to  obtain  LRE  values  for  45,  100,  65  and 
800  with  respect  to  the  LRE  values  for  M.  This  results  in  a  set  of  speed 
comparison  curves  where  any  film  in  the  group  may  be  compared  to  any  other 
film  in  the  same  group  to  obtain  relative  speed  differences. 

Due  to  the  fact  that  Kodak  type  M  Leadpack  film  was  not  readily  avail¬ 
able  and  the  projected  delivery  time  was  beyond  the  time  limits  imposed  by 
the  project  scheule ,  the  order  for  this  film  was  cancelled.  Consequently, 
speed  comparison  standard  data  could  only  be  accomplished  using  type  M  vs 
type  M  Readypack.  Upon  reductiun  of  data  from  these  two  fi 1ms  the  data 
points  were  too  close  for  a  meaningful  graph  to  be  prepared.  Operating  on 
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the  data  points  of  these  two  films  mathematically  shows  that  speed  of  Type  M 
Readypack  relative  to  Type  M  film  ranges  from  105.9%  at  50  KV  to  104.7%  at 
140  KV. 


E.  Film  Contrast  Determination 


Calculation  of  a  film  contrast  number  is  accomplished  by  dividing  a 
density  interval,  AD,  by  the  log  relative  exposure  difference,  ALRE,  ob¬ 
served  in  the  same  density  interval.  In  other  words,  it  is  the  slope  of 
the  characteristic  film  curve  for  a  defined  density  region  of  this  curve. 

As  directed  by  the  Test  Plan,  calculations  for  contrast  were  carried 
out  for  the  density  intervals  1. 0-3.0,  1.0-1. 2,  2. 0-2. 2,  and  3. 0-3. 2.  Due 
to  the  fact  that  large  errors  could  be  introduced  by  incorrectly  locating 
points  along  the  LRE  axis  on  the  steeper  portions  of  the  curves,  additional 
calculations  were  performed  for  the  density  intervals  1.5-2. 5,  2. 0-3.0,  and 
2. 5-3. 5.  Tabular  results  of  these  calculations  are  located  in  Table  1  of 
each  of  the  appendices  pertaining  to  a  particular  kilovoltage. 

Contrast  bar  graphs  were  prepared  for  the  density  intervals  1. 0-3.0  and 
2. 0-3.0.  These  bar  graphs  are  located  in  Appendix  F  of  this  report. 

F.  Emulsion  Consistency  Tests 

For  the  emulsion  consistency  tests ,  one  each  of  the  nine  types  of 
film  being  studied  was  exposed,  without  an  absorber,  to  a  density  of  approx¬ 
imately  1.0  H  &  D  unit.  Energy  used  was  110  KV.  Subsequent  to  processing 
these  films  were  evaluated  for  uniformity  of  density,  mottling,  streaking 
and  any  other  observed  film  artifacts.  Individuals  performing  this  evalua¬ 
tion  were  highly  qualified  in  radiographic  interpretation,  with  a  combined 
experience  level  in  excess  of  75  years.  Apparently,  the  evaluators  do  not 
believe  a  perfect  X-rray  film  exists  as  the  highest  rating  achieved  was  8.0 
All  films  examined  rated  good  to  excellent.  The  only  films  receiving  less 
than  8.0  ratings  were  Dupont  Type  65  (7.58)  and  GAF  Type  800  (7.05) .  Trans¬ 
cripts  of  the  rating  sheets  are  included  with  this  report  in  Tables  1,  2, 
and  3. 


G.  Film  Handling  Characteristics 

1.  Kink  Sensitivity 

For  the  kink  sensitivity  tests  a  fixture  consisting  of  a  1/4"  dia¬ 
meter  rod  mounted  in  blocks  fastened  to  a  plywood  base  was  fabricated,  (Fig¬ 
ure  6) .  Films  were  subjected  to  kinking  four  times.  Twice  along  the  long 
axis  before  exposure  and  twice  along  the  short  axis  after  exposure.  Figure 
7  is  a  plan  view  of  the  kink  orientation  and  Figure  8  is  the  schedule  of  kink 
exposures. 

Reviewers  ratings  for  this  test  varied  the  most  for  any  of  the 
subjective  tests.  In  general,  however,-  the  trend  in  sensitivity  appears  tc 
be  that  the  slower  films  are  least  affected.  GAF  800  and  Dupont  NDT  65 
gave  the  worst  sensitivity  ratings.  The  general  consensus  is  that  none  of 


the  effects  on  the  films  reviewed  would  seriously  affect  radiographic  in¬ 
terpretation  due  to  the  relatively  broad  and  gentle  density  transitions 
observed  in  the  affected  areas  of  the  films.  Transcriots  of  the  rating 
sheets  are  included  in  Tables  4,  5,  and  6  of  this  report  without  tabulation 
due  to  tne  relatively  wide  variance  between  reports  by  the  evaluators. 


Figure  9  is  a  sketch  of  the  fixture  used  to  perform  the  pressure 
sensitivity  tests.  Prior  to  fabrication  a  series  of  experiments  was  per¬ 
formed  to  determine  forces  experienced  during  actual  writing  with  a  BIC 
medium  ball  point  pen.  Each  film  was  subjected  to  three  different  writing 
forces  both  before  and  after  exposure.  Figure  10  is  the  schedule  of  pressure 
sensitivity  exposures  and  Figure  11  is  a  plan  view  showing  the  orientation 
of  the  pressure  marks. 


Reviewers  ratings  for  this  test  were  very  consistent.  Type  M  Ready- 
pack  being  the  least  sensitive.  It  was  generally  agreed  that  in  all  cases, 
with  the  possible  exception  of  Type  M  Readypack,  interference  with  radio- 
graphic  interpretation  could  or  would  occur  in  the  location  of  such  pressure 
marks.  Both  pre-  and  post-exposure  treatment  indicated  similar  magnitudes 
of  the  effect.  However,  the  pre-exposure  treatment  resulted  in  visible 
lines  of  lesser  density  than  background  and  post-exposure  treatment  results 
in  lines  of  greater  density  than  background.  Transcripts  of  the  rating 
sheets  are  included  with  this  report  in  Tables  7,  8,  and  9. 


III.  USE  OF  THE  FILM  EVALUATION/COMPARISON  DATA 


The  following  examples  utilize  the  graphs  and  tables  found  in  Ap¬ 
pendices  B  through  F  of  this  report.  These  examples  cover  both  exposure 
calculation  and  contrast  comparison. 

Example  1. 

A  radiographer  has  established  an  exposure  schedule  using  Type  M 
film  of  50  KV  and  4.2  MAM  through  an  aluminum  section  3/8  in.  thick.  This 
exposure  produced  a  density  average  of  2.0  H&D  units  in  the  area  of  inter¬ 
est.  Supplies  of  Type  M  film  have  been  depleted  and  the  only  available 
film,  having  similar  exposure  and  contrast  characteristics,  is  DuPont  Type 
NDE55.  What  exposure  should  be  used  to  obtain  an  average  density  of  2.0 
as  experienced  with  Type  M  film? 

Solution : 


Referring  to  Appendix  B ,  we  find  in  Table  B-I  a  direct  speed  comparison 
for  Type  M  vs  Type  55  at  a  density  of  2.0.  This  Table  indicates  that  the 
speed  of  Type  55  is  141.3%  of  M.  Since  Type  55  is  faster  than  Type  M,  the 
correct  exposure  is  found  by  multiplying  the  previous  exposure  in  MAM  by 
100  and  dividing  by  the  percentage  speed  difference  of  141.3;  i.e. 

4.2  MAM  X  100  .  2  97  MAM 

141.3% 

The  correct  exposure,  using  Type  55  film  is  then  50  KV  and  2.97  MAM  to 
achieve  the  desired  density  of  2.0.  Since  most  X-ray  unit  self-timers  do  not 
have  two  place  time  resolution,  this  should  be  rounded  to  50  KV  and  3.0  MAM. 

Example  2. 

A  radiograph  has  been  taken  of  an  aluminum  section  1/2  in.  thick  using 
an  exposure  of  110  KV  and  1.1  MAM  with  Type  T  film  for  an  average  density  of 
2.0  in  the  area  of  interest.  During  interpretation  a  suspected  crack  is 
located;  however,  it  is  poorly  defined  because  of  the  low  contrast  between 
the  crack  image  and  background  density.  It  is  desired  that  a  confirming 
radiograph  be  made  with  higher  contrast  to  positively  identify  the  suspected 
crack.  Film  availability  is  not  a  problem.  Which  film  should  be  used,  and 
what  is  the  correct  exposure  for  this  film? 

Solution : 


Referring  to  Appendix  D,  110  KV  film  speed  comparisons ,  Table  D-I,  con¬ 
trast  numbers  section,  it  is  found  that  the  contrast  number  for  Type  T,  for 
a  density  of  2. 0-3.0,  is  4.65.  For  Type  M  the  contrast  number  is  7.69  and 
for  Type  R  the  number  is  11.76.  In  the  interest  of  obtaining  maximum  pos¬ 
sible  contrast  it  is  decided  to  utilize  Type  R  film  and  to  use  a  density  of 
2.5  to  further  enhance  the  contrast.  From  Appendix  D,  Figure  D-I,  determine 
the  LRE  for  T  at  a  density  of  2.0  and  then  the  LRE  for  R  at  a  density  of  2.5, 


subtracting  to  obtain  the  difference  in  LRE.  The  antilog  of  this  difference 
is  a  multiplier  to  be  applied  to  the  exposure  value  used  for  the  previous 
radiograph. 


Log-1(LR£  -  LRE  )  =  Log"1  (1.62  -  0.925} 

(R)  (T) 

=  Log-1  0.695 

Log"1  0.695  =  4.95 

and  4.95  X  1.1  MAM  =  5.45  %  5.4  MAM 

The  exposure  with  Type  R  film  should  be  110  KV  and  5.4  MAM. 

Example  3 . 

Radiography  is  requested  on  a  wing  section  of  an  aircraft  which  ex¬ 
perienced  apparent  excessive  flight  loading.  The  section  to  be  radiographed 
is  lapped  and  riveted.  The  total  section  thickness  in  the  area  of  interest 
is  approximately  0.15  in.  (3.8  mm).  Due  to  the  location  of  the  aircraft, 
the  amount  of  radiation  must  be  limited  to  avoid  interference  with  other 
work  in  the  area.  Previous  experience  has  shown  that  50  Kilovolt  X-ray  en¬ 
ergy  will  provide  adequate  penetration  in  the  area  of  interest  and  will  re¬ 
duce  the  size  of  the  necessary  radiation  posting  zone. 

1.  what  film  should  be  chosen? 

2.  After  a  trial  exposure  of  2.5  MAM  at  50  KV  provides  an 
average  density  of  3.4  in  the  area  of  interest  what  will  be 
the  required  exposure  to  produce  a  desired  average  density 
of  2.0? 

Solution: 

1.  Refer  to  Appendix  B,  Table  B1  and  find  that  GAF  Type  400  film 
has  the  highest  average  contrast  available  (D  =  1. 0-3.0)  and  also 
the  highest  contrast  number  at  the  desired  density  of  2.0  (5.0 
for  D  =  2.0-2. 2)  . 

GAF  Type  400  is  chosen. 

Note:  An  alternate  solution  would  be  to  enter  Appendix  F.,  Figures 
FI,  F2 ,  and  find  that  Type  400  affords  the  highest  contrast 
available  at  50  Kilovolts. 

2.  Refer  to  Appendix  B,  Figure  B1  and  find  tht  for  Type  400  film,  a 
density  of  3.4  gives  a  LRE  of  1.45  and  for  a  density  of  2.0  the 
LRE  is  1.20.  Subtracting  the  observed  LRE  from  the  desired  LRE, 
we  obtain; 


A LRE  =  1.2  -  1.45  =  -0.25 

The  antilog  of  this  ALRE  is  the  multiplier  to  be  applied  to  the 
original  exposure. 
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0.562 

0.562  =  1.405  =  1.4  MAM 

:posure  is  1.4  MAM  at  50  Kilovolts  using  Type  400 
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IV.  DISCUSSION 

The  specified  Test  Plan  (Appendix  G)  completely  details  all  procedures 
and  proved  an  excellent  guide  for  accomplishing  the  major  portions  of  this 
project.  Unfortunately,  due  to  the  lack  of  linearity  observed  during  the 
step  tablet  calibrations ,  the  concept  of  an  average  LRE  value  per  step  of 
the  step  tablet  could  not  be  used  for  data  reduction.  A  study  of  the  prob¬ 
lems  involved  resulted  in  the  development  of  an  alternate  method  for  data 
reduction.  By  eliminating  the  step  which  introduced  the  error,  this  method 
allowed  the  calibration  curves  po  be  used  directly- and  without  error. 

The  sensitometric  techniques  utilized  in  this  proejct  are  not  absolute. 
However,  from  a  user's  standpoint  they  are  realistic  and  directly  relate  to 
practical  radiography.  The  composite  speed  curves,  speed  tables  and  con¬ 
trast  tables  developed  by  this  project  are  useful  to  the  radiographer  in 
that  they  represent  speed  and  contrast  values  obtained  by  measurements  on 
radiographs  of  an  engineering  material  of  interest.  The  use  of  X-ray  density 
data,  uncorrected  for  fog,  in  the  construction  of  the  speed  comparison  tables 
permits  direct  use  of  the  data  and  speed  comparisons ,  by  the  radiographer , 
without  serious  error.  It  is  assumed  that  the  fog  levels  determined  in  Sec¬ 
tion  II. B.  of  this  report  are  typical  for  fresh  films  of  the  types  investi¬ 
gated. 

Every  attempt  has  been  made  throughout  this  project  to  insure  consis¬ 
tency  in  each  step  of  the  procedures  involved.  In  an  assessment  of  the  errors 
which  could  occur,  each  step  of  the  procedures  is  listed  below  along  with  es¬ 
timated  error  limits. 


1. 

Exposure  and  Processing 

- 

Unknown 

2. 

Densitometry 

* 

± 

0.0025 

Density  Unit 

3. 

Plotting,  Density  Vs.  Step 

% 

+ 

0.125 

Div 

4. 

Extract  Data  for 

% 

± 

0.25 

Div 

Calibration  Curve  (2  Curves) 

5. 

Plotting  Calibration  Curve 

% 

± 

0.125 

Div 

6. 

Extract  Data  for  Speed 

% 

+ 

0.25 

Div 

Curves  (2  Curves) 

7. 

Plot  Speed  Curves 

% 

0.125 

Div 

8. 

Extract  Speed  Comparison 

Sl 

± 

0.25 

Div 

Data  (2  Curves) 

TOTAL 

± 

1.125 

Divisions  +  .0025  Density  Unit 

Converting  to  LRE  units±(0.02  X  1.125)  ±  0.0025  =±5.9%  Possible  Error 

In  the  above  evaluation,  final  plotting  of  the  composite  speed  curves  is 
not  included  and  the  possible  error  figure  of  ±  5.9%  applies  to  the  speed  com¬ 
parison  tables.  In  assigning  the  values  shown  above,  a  plotting  accuracy, 
considering  the  scale  of  the  graphs  used,  of  ±  0.125  graph  division,  per 
data  point  was  assumed.  Each  Division  represents  0.02  LRE  or  0.02  Density 
unit.  If  an  additional  ±  0.125  Division  error  is  assumed  when  plotting  the 
composite  curves,  an  estimated  total  error  of  approximately  ±6.5%  is  possible. 
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The  emulsion  consistency  evaluations  show  that  all  films  rated  good 
to  excellent  and  would  provide  acceptable  results  when  used  within  their 
speed  and  contrast  capabilities.  Although  this  test  was  subjective  in 
nature,  it  is  interesting  to  note  that  no  one  film  is  clearly  superior  to 
any  other. 

Results  of  the  handling  characteristics  test  for  kink  sensitivity  in¬ 
dicate  that  although  artifacts  produced  by  bending  or  kinking  are  objection¬ 
able  they  would  probably  not  interfere  with  radiographic  interpretation. 

Results  of  the  pressure  sensitivity  tests  definitely  show  that  writing 
on  a  film  cassette  or  envelope  with  a  ball  point  pen,  or  other  pointed 
writing  instrument,  should  be  avoided  in  that  this  procedure  will  produce 
artifacts  which  can  seriously  affect  radiographic  interpretation  of  the 
films . 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 
Conclusions : 

1.  Since  normal  manufacturing  tolerance  for  film  speed  is  in  the 
±  10%  range,  the  maximum  possible  error  for  the  data,  as  de¬ 
rived  and  discussed  in  Section  IV  of  this  report,  is  not  con¬ 
sidered  excessive.  Exposure  parameters  derived  through  use  of 
the  data  contained  in  this  report  will  be  correct  within  the 
limits  of  this  tolerance. 

2.  Using  the  speed  comparison  data  of  this  report,  a  radiographer 
now  can  rapidly  determine  exposure  parameters  for  films  of 
different  type  or  manufacture. 

3.  Selection  of  film  having  desired  contrast  characteristics  can 
be  rapidly  accomplished  using  the  contrast  number  tables  and 
contrast  bar  graphs  presented  in  this  report. 

Recommendations : 

1.  No  direct  writing,  using  a  ball  point  pen  or  pencil,  should  be 
permitted  on  cassettes  or  envelopes  containing  film.  If  identi¬ 
fication  is  desired,  self  adhering  labels  should  be  used,  with 
the  necessary  information  inscribed  before  attaching  to  the 
film  holder. 

2.  Kinking  or  rolling  of  the  film  should  only  be  permitted  where 
necessary  for  placement  of  the  film.  A  note,  describing  the 
degree  and  direction  of  bending  in  the  exposure  record, could 
prove  useful  during  interpretation  of  the  radiograph. 

3.  Field  testing,  by  use  of  the  data  contained  in  this  report, 
has  not  been  accomplished.  It  is  recommended  that  a  feed  back 
mechanism  be  established,  along  with  distribution  of  this  report, 
whereby  any  errata  which  may  be  discovered  is  brought  to  the 
attention  of  responsible  individuals  in  order  that  corrections 
may  be  issued. 
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1/4"  DIAMETER  ROD 


PAPER* 


♦Paper  used  on  unpacked  films  for  protection.  Paper 
not  used  on  redipack  films. 


Schedule  of  exposures  for  kink  test. 
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45 

Film 

holder 
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holder 
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Film 

holder 
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Film 
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M 
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Rav  Pack 
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55 

Ray  Pack 
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65 

Rav  Pack 

FIGURE  8.  KINK  TEST  SCHEDULE 
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APPENDIX  G 


TEST  PLAN 


EVALUATION/COMPARISON  OF  INDUSTRIAL  RADIOGRAPHIC  FILM  CHARACTERISTICS 


1.0  PURPOSE:  This  test  plan  defines  the  laboratory  procedures  to  be 
followed  in  accomplishing  the  project. 

2.0  EQUIPMENT  REQUIRED: 

2.1  X-Ray  Machine:  The  standard  x-ray  units  used  by  the  Air  Force  are 
the  Sperry  160  KVP  or  the  Magnaflux  150  KVP.  Either  of  these  units  will 
provide  data  suitable  for  Air  Force  field  use.  However,  once  the  project 
is  started,  the  same  machine  must  be  used  for  all  the  exposures  for  the 
comparison  data  to  be  valid. 

2.2  Aluminum  Step  Tablet:  The  step  tablet  shall  be  constructed  of  15 
steps,  eacn  step  to  be  1/16  inch  thickness  change  in  such  a  manner  as  to 
have  both  ascending  and  descending  steps  on  the  same  tablet.  Material  to 
be  either  2024  or  7075  aluminum  alloy.  A  border  of  lead  marking  tape, 

1/4  inch  wide  and  two  layers  thick  (approx  0.005  inch),  shall  be  placed  on 
both  long  edges  to  reduce  internal  scatter.  Figure  1  is  a  sketch  of  the 
required  tablet. 

2.3  Densitometer:  Any  direct  reading,  transmission  densitometer  capable 
of  indicating  to  3  decimal  places  (third  place  may  be  estimated)  and  having 
a'  minimum  density  range  of  0.00  to  4.00  Hurter  and  Driffield  (H&D)  units 
may  be  used.  A  calibrated  film  density  strip  to  be  used  in  checking/ 
standardizing  the  densitometer  is  also  required. 

2.4  Cassettes:  The  preferred  cassettes  for  sheet  film  are  the  flexible 
(plastic)  type.  However,  if  the  flexible  type  is  not  available,  rigid 
cassettes  may  be  used. 

2.5  X-Ray  Film:  Fresh  film  in  unopened  boxes  shall  be  procured  for  the 
project.  Effort  should  be  made  to  obtain  film  with  latest  possible 
expiration  dates.  Films  to  be  evaluated  are:  Kodak  Types  R,  M,  and  T; 
DuPont  Types  NOT  45,  55,.  and  65;  and  GAF  Types  100,  200,  and  400.  The 
types  of  packaging  to  be  included  are:  interleave  'r  sheet;  daylight 
or  .ready  pack;  and  lead  pack  or  lead  oxide  screens  (NOTE:  Lead  oxide 
screens  may  not  be  available  from  all  of  the  manufacturers).  Each  of  the 
various  types  of  film  used  in  the  evaluation  should  be  from  the  same  batch 
or  emulsion  number,  e.g.,  all  Type  M  interleaved  of  one  emulsion;  all 
Type  R  interleaved  of  one  emulsion,  etc. 

2.6  Processing:  Both  hand  (tank)  processing  facilities  and  an  automatic 
industria 1  processor  will  be  required.  Either  method  may  be  used  for  the 
major  portion  with  the  alternate  used  only  to  process  the  nine  comparison 
films.  Automatic  processing  cycle  shall  be  11  minutes  and  hand  processing 
shall  be  6  minutes  in  the  developer  for  optimum  contrast.  Industrial  x-ray 


film  processing  chemicals  must  be  used  with  Kodak  chemical  preferred. 
3.0  PROCEDURES: 


3.1  General . 

3.1.1  The  project  will  require  x-ray  exposures  and  film  processing  over 
an  extended  period  of  time.  Care  must  be  taken  to  assure  uniformity 
throughout  the  project.  Minor  changes  that  normally  have  no  significant 
effect  can  produce  wide  variations  in  comparison  results  if  rigid  controls 
are  not  exercised.  Examples  of  some  of  the  procedures  requiring  special 
attention  are: 

a.  Exposure  -  Warmup  of  machines,  strict  adherence  to  exposure  details, 
power  supply  variations. 

b.  Setup  -  Consistent  conditions  including  the  use  of  a  lead  exposure 
surface,  identical  cassettes  or  film  holders,  positioning  of  film  and 
tubehead. 


c.  Processing  -  (Hand)  Uniform  time,  temperature,  agitation  and 
replenishment,  use  of  "hot"  or  fresh  solutions,  (Automatic)  uniform 
temperature,  increase  or  decrease  in  developer  activity  due  to  replenishment 
rate,  do  not  change  or  dump  solutions  during  the  project,  do  not  process 
evaluation  films  until  cleanup  films  have  been  run  during  daily  startup. 

d.  Density  Measurement:  Clean  light  and  lens  daily,  check  calibration 
each  day  prior  to  starting  and  at  30  minute  intervals  durinq  sustained  CDeratior 
using  the  standard  density  strip. 

3.1.2  The  project  is  a  comparison  of  one  film's  properties  versus  anothers. 
While  all  three  film  manufacturer's  products  are  used  by  field  and  depot 
labs,  the  predominant  film  is  Kodak  Type  M.  Due  to  the  extensive  use  of 
Kodak  Type  M,  it  shall  be  used  as  the  comparison  standard  in  the  project. 

3.1.3  Film  emulsion  response  varies  with  radiation  wave  form  which  is  a 
function  of  kilovoltage.  This  makes  it  necessary  to  run  film  speed/contrast 
curves  and  calibrate  the  step  tablet  response  over  a  range  of  ki lovoltages. 
Comparison  exposures  shall  be  made  at  50,  80,  110,  and  140  kilovolts. 

3.2  Fog  Oensity  Determination: 


3.2.1  Laboratory  work  on  the  project  should  not  be  started  until  all  films 
to  be  evaluated  are  available.  Fog  density  determination  should  be  the 
first  task  and  should  be  accomplished  shortly  after  opening  the  package. 
This  is  intended  to  reduce  potential  fog  accumulation  due  to  dark  room 
handling. 

3.2.2  Fog  density  is  determined  by  subjecting  fresh,  unexposed  film  to 

a  complete  processing  cycle  (development,  fixation,  rinsing,  and  drying). 
All  films  should  be  processed  on  the  same  day,  using  the  necessary 


replenishment  additions  to  minimize  processing  variations. 

3.2.3  Densities  are  to  be  measured  in  12  locations  on  each  film  sheet 
and  recorded.  Densitometer  calibration  is  especially  important  at  these 
lower  densities.  Density  measurement  locations  should:  (a)  be  evenly 
spaced  across  and  down  the  sheet,  (b)  be  in  approximately  the  same 
location  for  each  film,  and  (c)  be  at  least  one  inch  from  each  film  edge. 

3.3  Film  Speed  Determination: 

3.3.1  General  -  Film  speed  determination  is  somewhat  complicated  and 
involves  the  use  of  the  aluminum  step  tablet.  Procedures  and  precautionary 
statements  are  detailed  and  explicit  in  the  early'paragraphs  and  are 
shortened  in  later  paragraphs,  however,  they  still  apply.  Special  emphasis 
must  be  devoted  to  maintaining  constant  and  uniform  conditions  throughout 
the  project  to  provide  valid  comparison  data. 


3.3.2  Calibration  of  Step  Tablet: 

3.3.2. 1  The  first  step  in  the  procedure  of  determining  comparison  speed 
values  is  to  calibrate  the  step  tablet.  Radiation  absorption  varies  with 
wavelength  and  the  calibration  must  be  accomplished  for  each  kilovoltage 
range.  The  procedure  is  identical  in  each  case  except  for  change  of  the 
exposure  technique  (kilovoltage  and  time). 

3. 3. 2. 2  To  calibrate  the  step  tablet  at  any  kilovoltage,  two  exposures 
are  made  on  two  of  the  standard  films  (Kodak  Type  M).  The  first  exposure 
should  be  selected  to  produce  a  density  of  0.15  to  0.20  on  the  number  one 
step.  The  second  exposure  must  be  exactly  twice  the  first  exposure. 
Consistent  with  good  practice,  this  should  be  done  by  doubling  the  time 
rather  than  adjusting  the  milliamperage.  Exact  timing  is  essential  as 

the  calibration  calculation  is  dependent  upon  this  two-to-one  relationship. 
The  second  exposure  shall  consist  of  two  exposures  each  being  identical  to 
the  first  exposure.  This  procedure  is  necessary  to  compensate  for  any 
possible  error  due  to  exposure  buildup. 

3.3 .2.2  Both  films  should  be  processed  in  an  identical  manner,  either 
together  if  hand  processing  is  used  or  one  following  the  other  in  an 
automatic  processor.  Densities  shall  be  read  on  a  calibrated  densitometer 
and  recorded.  A  minimum  of  4  densities  will  be  measured  on  each  step 
numbers  2  through  15  and  8  densities  on  step  number  1.  This  provides  eight 
density  measurements  for  each  thickness  which  will  be  used  to  determine 
the  average  density  per  step. 

3.3.3  Film  Speed  Comparison 

3.3.3. 1  Once  the  step  tablet  has  been  calibrated  for  a  specific  kilovoltage. 
It  is  for  all  practical  purposes  independent  of  make  or  type  of  film.  To 
obtain  the  speed  relationship  between  two  different  films  of  approximately 
the  same  speed  type,  it  is  only  necessary  to  expose  the  two  films  side 
by  side  (split  film  technique)  using  the  step  tablet  as  the  subject  at  the 


kilovoltage  for  which  the  step  tablet  was  calibrated. 

3. 3. 3. 2  Comparison  exposures  are  to  be  accomplished  by  inserting  the 
standard  film  and  the  comparison  film  side  by  side  in  the  same  cassette 
or  film  holder.  This  is  done  by  using  either  7  X  17  or  by  shearing 

14  X  17  inch  film  in  half.  All  exposures  should  be  made  on  top  of  a  lead 
surface  to  minimize  back  scatter.  The  step  tablet  must  be  carefully 
centered  with  equal  portions  covering  both  films  and  the  long  dimension 
(15  inch)  parallel  to  the  long  edge  of  the  film  (17  inch).  A  slightly 
longer  than  normal  focal  spot  to  film  distance  (48  inches)  shall  be  used 
and  the  long  axis  of  the  tubehead  shall  be  parallel  with  the  long  dimension 
of  the  step  tablet. 

3. 3. 3. 3  The  aiming  point  is  the  center  of  the  number  1  step  on  the  tablet. 
Emphasis  shall  be  placed  oh  maintaining  consistent  setups  throughout  the 
project.  Suitable  exposure  values  (time-mi lliamper :ge)  shall  be  selected 
and  used  for  each  of  the  kilovoltages  at  which  the  step  tablet  was  calibrated 

3. 3. 3. 4  Both  films  shall  be  processed  at  the  same  time.  Following 
processing,  at  least  3  density  measurements  shall  be  made  on  each  of  steps 
numbers  2  through  15  and  6  measurements  on  step  number  1  on  each  film.  This 
will  provide  a  total  of  6  densities  for  each  thickness  on  each  film. 

3. 3. 3. 5  Exposures  will  be  made  on:  M  vs  NOT  55;  M  vs  GAF  200;  M  vs  T; 

M  vs  R;  T  vs  NOT  65;  T  vs  GAF  400;  R  vs  NOT  45;  and  R  vs  GAF  100.  This 
will  be  8  exposures  at  each  of  the  four  kilovoltages  and  at  each  available 
packaging.  Speed  comparison  standard  data  will  be  obtained  by  exposures 
on:  Sheet  film  M  vs  Ready  Pak  M;  Sheet  film  M  vs  Lead  Pak  M;  and  Ready 
Pak  M  vs  Lead  Pak  M. 

3.4  Film  Contrast  Comparison.  Film  contrast  comparison  will  be  obtained 
from  data  generated  by  paragraph  3.3. 

3.5  Emulsion  Consistenc^:The  test  for  emulsion  consistency  is  relatively 
simple  and  consists  merely  of  exposing  the  film  to  be  evaluated  to  a 
relatively  light  density  (0.75  to  1.0  H&D).  The  film  is  exposed  without 
an  absorber  or  step  tablet,  processed  and  evaluated  for  streaks,  mottling 
or  other  emulsion  artifacts  using  both  reflected  and  transmitted  light. 

One  of  each  type  film  should  be  evaluated,  i.e.,  R,  M,  T,  NDT-45,  NDT-55, 
NDT-65,  GAF-100,  GAF-200,  and  GAF -400.  Only  one  kilovoltage  and  one  type 
of  packaging  is  required. 

3.6  Pre-and  Post-Exposure  Pressure  Sensitivity.  The  following  test  is 
very  crude  and  the  contractor  may  propose  an  improved  alternate  approach. 

The  suggested  approach  is  to  use  a  ballpoint  pen  and  writing  on  a  piece 

of  paper  placed  on  the  film  before  and  after  exposure.  Exposure  should  be 
just  slightly  more  dense  than  in  paragraph  3.5  (1.0  to  1.25). 

3.7  Pre-  and  Post-Exposure  Kink  Sensitivity.  Again  the  test  proposed  may 
be  improved  with  better  control  over  the  mechanics  of  producing  a  kink. 


Suggested  approach  is  to  loosely  fasten  a  1/4  inchdiameter  steel  bar  to  a 
board.  The  film  is  inserted  under  the  bar  to  approximately  its  mid-point, 
the  film  ends  folded  together  and  pulled  taut.  The  desired  effect  is  to 
control  the  bending  of  the  film  to  a  1/4  inch  diameter.  Film  shall  be 
"kinked"  prior  to  and  after  exposure  similar  to  para  3.5.  The  bending  or 
kink  before  and  after  exposure  shall  be  at  90  degrees  to  each  other. 

3.8  Hand  Vs  Automatic  Processing.  Processing  variables  are  generally 
independent  of  energy  level  (ki lovoltage)  and  packaging.  Comparison  is 
required  at  only  one  kilovoltage  (suggest  80  or  110  KVP)  and  for  only  one 
type  of  packaging.  Comparison  is  to  be  made  using  the  split  film  technique 
described  in  paragraph  3.3.3  except  both  films  will  be  the  same  type  and 
manufacturer.  One  of  the  films  will  be  processed  by  hand  while  the  other 
film  from  the  same  exposure  will  be  processed  through  the  automatic  processor. 
One  of  each  type  film  should  be  evaluated  ( i . e . ,  R,  M,  T,  NDT-45,  NDT-55, 
NDT-65,  GAF-100,  GAF-200,  and  GAF-400).  Following  exposure  and  processing, 
three  density  measurements  will  be  made  on  each  step,  numbers  2  through  15 
and  6  density  measurements  on  step  No.  1.  This  will  provide  a  total  of  6 
density  measurements  for  each  thickness  and  each  processing  method.  The 
measurements  are  to  be  recorded  and  will  be  used  in  determining  the  average 
density  per  thickness. 

4.0  EVALUATION: 

4.1  General  -  The  type  of  graph  paper  most  convenient  and  generally  used 
to  plot  fi  I'm  characteristic  or  sensitometric  curves  is  20  X  20  divisions 
to  the  inch  (K&E  Nos  46-1240  or  46-1242).  Other  types  of  graph  paper  may 
be  used;  however,  the  20  X  20  divisions  provide  a  display  that  is  easy  to 
interpret  and  to  use. 

4.2  Fog  Oensity.  The  12  density  measurements  should  be  recorded  in  table 
form  of  each  type/mfgr/packaging  film  vs  density  readings  plus  one  addition 
column  of  the  arithmetic  average. 

4.3  Film  Speed 

4:3,1  General  -  There  are  several  possible  ways  to  compare  film  speeds. 

This  paragraph  details  the  procedures  to  develop  "Log  Relative  Exposure" 
curves  and  also  a  percentage  speed  comparison  chart. 

4.3.2  Calibration  of  the  Step  TAblet. 

4.3.2. 1  The  eight  density  measurements  on  each  step  number  or  thickness 
(from  paragraph  3. 3. 2. 2)  should  be  arranged  in  tabular  form  for  each  exposure 
with  a  ninth  column  of  average  density.  The  table  is  used  to  plot  two 
curves  on  a  single  sheet  of  graph  paper  with  the  ordinate  as  the  density 
(0,00  to  4.00)  and  the  abscissa  as  the  step  number  (1  to  15).  Curve  I  is 
the  single  exposure  while  Curve  II  being  exactly  twice  the  exposure  of 
Curve  I.  These  curves  are  then  used  to  plot  a  calibration  curve  (Curve  III) 
of  density  versus  log  relative  exposure  for  the  step  tablet  at  a  specific 
kilovoltage.  This  is  done  by  designating  the  lowest  discernable  density 
reading  on  Curve  I  as  Point  1.  A  second  sheet  of  graph  paper  is  prepared 


for  Curve  III  by  ruling  the  ordinate  into  0.2  density  units  at  every  10th 
line  and  the  abscissa  into  0.1  log  relative  exposure  units  at  every  5th 
line.  The  density  of  Point  1  is  plotted  on  this  new  Curve  III  at  a  log 
relative  exposure  of  zero  (0).  Point  2  is  located  by  drawing  a  vertical 
line  from  Point  1  to  Curve  II.  This  location  (Point  2)  is  the  same 
thickness  or  step  number  as  Point  1  and  is  exactly  twice  the  exposure. 

The  density  of  Point  2  is  plotted  on  Curve  III  at  log  relative  exposure 
0.3  (mathematically,  log  2  equals  0.3).  Next,  draw  a  horizontal  line  from 
Point  2  to  Curve  I  and  designate  this  as  Point  3  which  is  the  same  density 
as  Point  2.  Locate  Point  4  by  drawing  a  vertical  line  from  Point  3  to 
Curve  II.  Again,  Point  4  is  the  same  step  number  or  thickness  as  Point' 3 
but  is  exactly  twice  the  exposure.  Plot  the  density  of  Point  4  on  Curve 
III  at  log  relative  exposure  0.6  (mathematically,  log  2  plus  log  2  equals  0.6). 
Continue  this  process  through  Points  6,  8,  etc.,  increasing  the  log  relative 
exposure  by  0.3  each  time.  . 

4. 3. 2. 2  The  number  of  points  plotted  in  the  above  paragraph  are  not  sufficient 
for  an  accurate  and  extended  calibration  curve.  Additional  points  are 
determined  in  the  following  manner:  Draw  a  smooth  hyperbolic  pencil  curve 
through  the  few  points  plotted  on  Curve  III.  On  this  preliminary  curve, 

find  the  density  at  log  relative  exposure  0.15  (this  is  one-half  the  distance 
between  0.0  and  0.30).  This  point,  labeled  Point  1A,  provides  a  density 
which  can  be  located  on  Curve  I.  Next,  locate  Point  2A  by  drawing  a  vertical 
line  from  Curve  I  -  Point  1A  to  Curve  II.  Plot  the  density  of  Point  2A  at 
a  log  relative  exposure  of  0.45  (0.15  plus  0.30)  on  Curve  III.  Then  proceed 
to  locate  points  3A,  4A,  5A,  etc.,  plotting  the  densities  at  log  relative 
exposures  of  0.75,  1.05,  1.35,  etc.,  on  Curve  III.  If,  in  the  calibration, 
the  second  set  of  points  1A,  2A,  3A,  etc.,  is  offset  either  side  of  the 
preliminary  curve,  this  is  caused  by  inaccuracies  in  locating  Point  1A. 

To -eliminate  this  difficulty,  each  point  in  this  set  should  be  shifted 
equal  amounts  along  the  log  relative  exposure  axis  to  give  the  best  match 
with  the  preliminary  curve.  (NOTE:  Do  not  shift  the  points  along  the  density 
axis.) 

4. 3. 2. 3  Curves  I,  II,  and  III  are  used  to  determine  the  average  log  relative 
exposure  per  step  of  the  tablet.  First,  find  the  highest  density  of  one 

of  the  curves  and  the  lowest  density  in  the  normal  visual  range  (about 
density  1.0)  in  the  same  curve.  Convert  these  densities  into  log  relative 
exposure  values  using  Curve  III.  The  difference  between  the  two  log  relative 
exposure  values  divided  by  the  difference  between  the  two  steps  is  the 
average  difference  log  relative  exposure  per  step. 

Example:  Step  #12  -  density  =  3.72  -  Log  Relative  Exposure  =  0.93 
Step  #1  -  density  =  1.18  -  Log  Relative  Exposure  =  0.30 
Difference  -  11  steps  -  Difference  Log  Relative  Exposure  -  0.( 

Average  difference  log  relative  exposure  per  step  *  0.63  divided  by  11=  0.058 
To  determine  the  percent  speed  difference  per  step,  merely  convert  0.58  to 
Its  anti  log  of  1.14  or  14%  speed  difference  between  steps. 

4. 3. 2. 4  The  accuracy  of  Curve  III  will  impact  speed  comparison  calculations 
and  should  be  determined  using  Curves  I  and  II.  Select  a  given  density  and 
determine  the  corresponding  step  numbers  in  Curves  I  and  II.  Since  Curve  II 


is  exactly  twice  the  exposure  of  Curve  I,  the  difference  in  step  numbers 
converted  to  log  relative  exposure  using  the  average  log  relative  exposure 
value  calculated  in  Curve  II  should  equal  0.300.  Any  variation  from  0.300 
is  due  to  inaccuracy.  This  variation  can  be  expressed  in  percentage 
through  its  anti  log. 

Example:  Density  of  1.5  H&D  equals  log  relative  exposure  of  0.203 
(Step  3.5  times  0.058)  on  Curve  I  and  0.505  (Step  8.71  times  0.058)  on 
Curve  II.  This  is  a  log  relative  exposure  differnce  of  0.302.  Since  the 
actual  log  relative  exposure  difference  is  0.300  (twice  the  exposure), 
the  inaccuracy  of  Curve  III  log  relative  exposure  is  0.002  or  converting 
to  antilog  and  expressing  in  percentage  0.5%. 

4.3.3  Film  Speed  Calculations: 

4. 3. 3.1  The  density  readings  obtained  in  paragraph  3. 3. 3. 4  should  be 
arranged  in  tabular  form  for  each  pair  of  films  exposed.  Columns  are  to 
contain  step  number,  conversion  to  log  relative  exposure,  the  6  measured 
densities,  and  the  average  density.  The  tables  are  to  be  used  in  plotting 
the  comparison  curves  (standard  vs  comparison  film).  The  two  curves  for 
each  exposure  in  paragraph  3. 3. 3. 5  shall  be  plotted. 

4. 3. 3. 2  Traditionally,  film  speed  comparison  is  also  given  in  percentage 
terms.  The  curves  plotted  in  paragraph  4. 3. 3.1  show  film  speed  differences 
vary  with  both  kilovoltage  and  density.  Comparisons  are  to  be  developed 
from  the  curves  and  will  be  provided  as  tables  listing  the  percentage 
differences  at  densities  of  0.5,  1.0,  1.5,  2.0,  2.5,  3.0,  and  3.5,  wherever 
possible.  The  curves  also  include  the  effect  of  fog  density  which  must 

be  accounted  when  developing  percentage  differences. 

4. 3. 3. 3  Percentage  speed  comparisons  are  derived  by  arbitrarily  assigning 
the  standard  film,  Kodak  Type  M,  a  value  of  100.  All  other  films  will  have 
some  value  relating  to  Kodak  Type  M,  i.e..  Type  R  films  will  be  in  the 
50's  range  while  Type  T  films  will  be  in  the  200‘s  range.  The  actual 
percentage  is  determined  by  adding  the  applicable  fog  density,  from 
paragraph  4.2,  to  the  density  for  which  the  comparison  is  being  made.  The 
log  relative  exposure  difference  between  the  standard  and  film  being 
evaluated  is  determined  from  the  speed  comparison  curves,  paragraph  4. 3. 3.1. 
When  the  curve  of  the  film  being  evaluated  is  displaced  to  the  right  of 

the  standard  film,  it  indicates  a  slower  speed  film  while  a  shift  to  left 
indicates  a  faster  speed  film.  If  the  film  being  evaluated  is  slower  than 
the  standard,  the  percentage  speed  comparison  is  calculated  by  dividing 
100  by  the  anti  log  of  the  log  relative  exposure  difference.  If  the  film 
being  evaluated  is  faster  than  the  standard,  multiply  the  anti  log  of 
the  log  relative  exposure  difference  by  100. 

4.4  Film  Contrast  Calculation: 

4.4.1  By  definition,  film  contrast  is  the  slope  of  the  characteristic 
film  curve  at  a  given  density.  Practically,  however,  the  film  contrast 
is  determined  as  the  "average1'  contrast  over  the  ordinary  usable  range  of 
densities  as  from  a  density  of  1.0  to  a  density  of  3.0,  i.e.,  the  slope 


of  a  line  drawn  between  the  two  densities  on  the  curve.  Mathematically, 
it  is  the  difference  between  a  density  of  3.0  plus  fog  and  a  density  of 
1.0  plus  fog  divided  by  the  difference  in  log  relative  exposure  of  these 
two  points. 

4.4.2  Characteristic  film  curves  are  noted  for  the  continually  changing 
slope  along  the  entire  curve.  The  average  film  contrast  number  calculated 
in  paragraph  4.4.1  does  not  reflect  this  changing  slope.  Also,  a  small 
error  in  judgement  of  position  or  placement  of  a  point  can  make  a  relatively 
large  error  in  the  contrast  calculation.  For  these  reasons,  contrast 
calculations  must  also  be  presented  as  a  range  of  values  along  with  the 
specific  average  number.  The  calculations  are  performed  similar  to  those 
in  paragraph  4.4.1  except  for  the  density  ranges.  To  reflect  slope  changes, 
contrast  values  shall  be  calculated  for  densities  of:  1.0  to  1.20;  2.0  to 
2.20 ;  and  3.0  to  3.20  (Note:  Fog  densities  must  be  incorporated  due  to 
their  significant  effect  upon  contrast).  The  results  are  to  be  reported 
as  horizontal  bar  graphs  with  lines  at  the  1.0,  2.0,  and  3.0  density  values. 

4.5  Emulsion  Consistency  Calculation.  The  approach  to  grading  emulsion 
consistency  is  subjective  depending  on  the  evaluator's  judgement  rather 

than  a  numeric  grade  derived  from  laboratory  tests.  The  films  to  be  evaluated, 
paragraph  3.5,  should  be  examined  in  subdued  light  with  a  variable  intensity 
Illuminator.  The  films  are  to  be  graded  on  the. basis  of  evenness  of  density, 
mottling,  streaking,  or  other  emulsion  artifacts  under  transmitted  and 
reflected  light.  The  evaluator  should  arrange  the  films  in  descending 
order  based  on  his  judgement  of  emulsion  consistency.  This  is  accomplished 
simply  by  comparing  two  films,  one  versus  the  other,  and  selecting  the 
best.  This  process  is  continued  until  all  9  films  are  graded.  Once  the 
films  have  been  placed  in  relative  order,  they  can  be  assigned  a  numerical 
rating  of  1  to  9,  with  9  being  the  most  consistent  or  highest  rated  film 
(Note:  If,  in  the  evaluator's  judgement,  two  films  are  identical  in 
quality,  they  should  be  given  the  same  number.  The  best  film  will  still 
have  a  value  of  9,  but  the  bottom  film  may  be  higher  than  1).  Some 
objectivity  can  be  introduced  by  having  three  or  more  independent 
evaluations  performed  by  different  individuals.  Personnel  performing 
the  evaluation  should  be  experienced  in  viewing  radiographs.  The  assigned 
numerical  ratings  of  the  independent  evaluation  should  be  totaled  and 
new  relative  ratings  or  positions  assigned. 

4.6  Pressure  and  Kink  Sensitivity:  Evaluation  and  assessment  of  films 
for  pre-exposure  pressure  sensitivity;  post  exposure  pressure  sensitivity; 
pre-exposure  kink  sensitivity;  and  post  exposure  kink  are  to  be  accomplished 
in  the  same  manner  detailed  in  paragraph  4.5.  The  evaluation  results 

on  each  of  the  characteristics  will  be  reported  in  separate  tables  giving 
the  assigned  rating  by  each  evaluator,  total  of  the  assigned  numerical 
ratings,  and  relative  overall  position  of  the  film  based  upon  the  total 
ratings.  In  addition,  a  summary  table  will  be  provided  comparing  the 
relative  overall  ratings  for  each  of  the  characteristics. 
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I. 


DEVELOPMENT  OF  FILM  SPEED  COMPARISON  CURVES 


BY  THE  ALTERNATE  METHOD 


The  basic  premise  on  which  this  alternate  method  of  speed  com¬ 
parison  is  based  is  that  over  the  ranye  of  practical  radiographic 
densities  all  industrial  type  radiographic  films  exhibit  a  linear 
relationship  of  Density  vs  Exposure  response  for  a  fixed  quality  of 
radiation  incident  at  the  film  face.  Since  the  quality  of  radiation 
incident  upon  the  film  is  modified  both  by  the  voltage  applied  to 
the  X-Ray  Tube  and  by  the  thickness  and  material  properties  of  any 
absorber  placed  between  the  tube  head  and  the  film,  density  compar¬ 
isons  for  any  pair  of  films  should  only  be  made  for  discrete  thick¬ 
nesses  of  the  step  tablet  at  a  specific  kilovoltage. 

For  the  film  comparison  exposures  of  this  project  the  tube  head 
voltages  were  fixed  at  50,  80,  110  and  140  kilovolts  and  the  absorbers 
used  v/ere  the  previously  calibrated  step  tablets.  For  exposure  of  the 
speed  comparison  films  7  inch  by  17  inch  strips  of  the  standard  film, 
Kodak  Type  M,  and  the  comparison  film  were  placed  side  by  side  in  a 
single  14  inch  by  17  inch  cassette.  One  of  the  step  tablets  was 
placed  over  the  standard  film  and  the  other  over  the  comparison  film 
during  the  exposure.  These  step  tablets  are  radiographically  equiva¬ 
lent.  Eoth  films  were  processed  simultaneously  to  avoid  differences 
in  processing  history. 

In  the  tabular  listings  of  Table  I,  Density  vs  Step  Number,  each 
density  listed  is  an  average  of  16  data  points/per  step/  per  film. 
Although  fog  density  for  each  film  is  noted  in  each  column  heading, 
it  is  not  subtracted  from  the  average  data  which  is  used  in  developing 
the  film  speed  comparison  curves. 

Since  the  density  differences  observed  between  the  standard  and 
comparison  films  at  any  discrete  step  of  the  step  tablet  are  a  direct 
result  of  the  speed  difference  between  these  two  films  (i.e.;  exposure 
time  and  radiation  quality  are  identical),  these  two  densities  can  be 
converted  directly  to  log  relative  exposure  using  the  calibration  curve 
for  the  kilovoltage  used  during  exposure.  The  antilog  of  the  difference 
in  LRE  times  100  is  equal  to  the  percentage  speed  difference  between 
these  two  films. 

Figures  1  S  2  show  graphically  the  operations  required  to  determine 
speed  difference  between  two  films.  First  enter  Figure  1  at  Step  14  and 
obtain  densities  of  2.21  for  Type  M  film  and  0.71  for  Type  R  film,  with 
these  densities  now  enter  the  50  KV  calibration  curve.  Figure  2,  and  ob¬ 
tain  LRE  *  1.40  for  Type  M  film  and  LRE  =  0.S55  for  Type  R.  The  differ¬ 
ence  then  is  0.545  LRE  units  and  since  LRE  (R)  <  LRE  (M) ,  A LRE  =  -0.545. 


The  antilog  (i.e.;  Log  )  of  =-.545  is  0.2851.  Rounding  to  0.29  and 
multiplying  by  100,  we  find  that  the  speed  of  Type  R  film  relative  to 
Type  M  is  approximately  29%.  The  practical  meaning  of  this  is  that  to 
achieve  a  density  of  2.21  with  Type  R  film  under  Step  14  the  exposure 
must  be  increased  0.545  LRE  units.  Thus  the  LRE  for  Type  R  film  at  a 
density  of  2.21  relative  to  Type  M  should  be  1.40  +  0.545  =  1.945.  This 
is  now  a  valid  data  point  in  plotting  a  curve  of  Density  vs  Log  Relative 
Exposure  for  Type  R  film  vs  Type  M  film.  If  this  same  procedure  is  car¬ 
ried  out  for  each  of  the  density  pairs  for  every  step  of  the  step  tablet, 
characteristic  curves  may  be  plotted  which  accurately  reflect  the  speed 
and  contrast  characteristics  of  Type  R  vs  Type  M  film. 

It  is  not  necessary  to  generate  the  curves  of  Figure  1  since  the 
data  of  Table  I  may  be  used  directly  to  enter  the  calibration  curve  in 
obtaining  LRE  values.  Table  II  illustrates  the  method  of  organizing 
data  prior  to  plotting  of  the  curves.  Data  from  Steps  2  through  6  of 
the  step  tablet  are  omitted  since  they  are  not  needed  to  produce  a 
smooth  curve. 

Figures  3  and  4  illustrate  the  differences  between  curves  plotted 
by  the  test  plan  method  and  by  this  alternate  method. 
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